Rat liver microsomal dihydroxyacetone phosphate acyltransferase, in contrast to the glycerophosphate acyltransferase, was found to be active at low pH (SS), stable towards heat (SC, 15 min) and trypsin (in the absence of detergents) and was not inhibited by high concentrations of N-ethyl maleimide. Dihydroxyacetone phosphate acyltransferase is only slightly and non-competitively inhibited by sn-glycerol-3-phosphate whereas glycerophosphate acyltransferase is strongly inhibited by dihydroxyacetone phosphate in a competitive manner. Kinetic analysis indicates that this competitive inhibition is not due to the competition of two common substrates for the same active center of one enzyme. These results demonstrate that microsomal glycerophosphate acyltransferase and dihydroxyacetone phosphate acyltransferase are two distinct and separate enzymes.
INTRODUCTION
Phosphatidic acid, the precursor of all glycerides and phosphoglycerides, is biosynthesized either via the acylation of sn-glycerol-3-phosphate (GP) or via the acyl dihydroxyacetone phosphate (acyl DHAP) pathway. Though a significant proportion of glycerolipids has been shown to be biosynthesized via the acyl DHAP pathway, the relative importance of this pathway in different tissues compared to that of the GP pathway has not been firmly established [l-3] . DHAPAT, the key enzyme of the acyl DHAP pathway, has been shown to be mainly localized in liver peroxisomes [4, 5] but a portion of this enzyme is also present in the microsomal fraction [4, 5] . Conflicting results have been obtained from different laboratories regard-ing the specificity of this microsomal acyltransferase. Authors in [6, 7] and recently authors in [8, 9] , using different rat tissues, have presented evidence that there is no specific microsomal DHAPAT and the acylation of DHAP in microsomes is due to the dual catalytic activity of GPAT (reviewed in [lo] lo3 cpm/nmol) and enzyme preparation (SO-100 pg protein) in a total volume of 0.6 ml. The radioactive lipids were extracted using an acidic Bligh and Dyer [l 1,181 extraction method.
RESULTS
microsomal DHAPA T and GPA T 3.1.1. pH activity profile of the acyltransferases Fig. 1A shows the influence of pH of the incubation mixture on the activities of DHAPAT and GPAT. The activities were found to be different over the entire pH range investigated. It should be noted that the m~mum activity for both the acyltransferases were observed at pH 7.4 whereas at lower pH (pH 5.5) only DHAPAT was active (60010 of maximum activity). At this low pH GPAT activity was not detectable.
Sensitivity to thiol inhibitor
Thiol agents such as N-ethyl maleimide have been employed to differentiate between various acyltransferases [19] . This reagent has been shown to inhibit microsomal GPAT but not mitochondrial GPAT [ 191 or peroxisomal DHAPAT [ 181. Therefore, the effect of N-ethyl male~ide on these two microsomal acyltransferases was studied and the results are shown in fig.lB. In agreement with previous reports it was observed that even at very low concentrations (20 FM), N-ethyl maleimide strongly inhibited GPAT (SOOr decrease) with little inhibition (2010) of DHAPAT ( fig.lB) .
Effect of heat treatment
The susceptibility of these enzymes to thermal inactivation at 50°C was examined by heating the microsomes for different time periods and then assaying the enzyme at 37°C. The results are shown in fig.lC . It is evident that in contrast to DHAPAT, GPAT is very heat labile. For example, all of the GPAT activity was destroyed by heating the microsomes for 15 min, whereas very little reduction of activity of DHAPAT is seen under such conditions ( fig. IC) .
Effect of detergents
Detergents at low concentrations have been shown to stimulate (and solubilize) membranebound DHAPAT [18] . This was also found to be true for the microsomal enzyme. Fig.lD shows that Triton X-100 stimulated DHAPAT at low concentrations (up to 0.2 mg/ml) and the activity is only inhibited by 15% at higher T&on X-100 concentrations (0.5-l mg/ml). In contrast, GPAT activity is strongly inhibited by Triton X-100 (85% at 0.5 mg/ml., fig. 1D ). Similar differential inhibition of these two microsom~ a~ltransfer~es has been observed when deoxycholate was used (not shown).
3.2. Effects of GP on DHAPA T and DHAP on GPA T activities GP only slightly inhibits DHAPAT when it is added to the enzyme assay mixture. When kinetic analysis was done by reciprocal plots of velocity vs increasing DHAP concentrations in the presence or absence of GP, a slight non-competitive type of inhibition was observed ( fig.2A) . On the other hand, DHAP inhibited GPAT strongly and competitively. To determine whether this inhibition is due to DHAP acting as an i~ibitor or due to the competition of common substrates (GP and DHAP) for the same active site of an enzyme, the 2.5 mM) GPAT, but increasing GP up to 3.0 mM had little effect (5-10% inhibition) on the amount of acyl DHAP formed in the same incubation mixture.
DISCUSSION
The data presented above show the striking differences in properties of these two microsomal long-chain acyltransferases with respect to the pH vs activity, sensitivity to N-ethyl maleimide, heat stability and sensitivity to detergents. We also found, like others [16] , that trypsin (20 pg/ml) in the absence of detergents completely destroyed microsomal GPAT with little inactivation of DHAPAT. Most of the results presented here are completely different from those obtained in similar studies, [6, 7] or [8, 9] . The only results we obtained which were in agreement with those of Bell and coworkers (which were also originally reported from this laboratory, see 1201 are the inhibition of one acyltransferase by the other substrate. However, the inhibition of DHAPAT by GP is not significant and the inhibition as seen in fig.2A (slight reduction in V,, with Km remaining the same) is non-competitive which was only apparent at a relatively high concentration of GP. On the other hand, a strong inhibition of GPAT by DHAP, in which Km increased without any change in V,, (fig.2B ), was observed which was similar to that obtained in [7] and in [8]. This inhibition could be either due to the competitive inhibition of the enzyme by DHAP or due to the utilization of both DHAP and GP as substrates by the same enzyme. The data presented in fig.2B prove that the inhibition is not due to the competition between common substrates for the same active center of the enzyme. This interpretation is also supported by the fact that the Ki (2.5 mM) for DHAP in the GPAT reaction is not equal to the Km (0.14 mM) of DHAP when the formation of acyl DHAP is measured. That the enzymes are not the same is strengthened by our recent finding that in the fibroblasts and leukocytes from patients suffering from Zellweger syndrome, DHAPAT activity at both pH 5.5 and 7.4 is practically negligible, whereas GPAT activity is almost normal [21, 22] . Similar results, as presented above, are also obtained with the microsomal fractions of all other rat organs such as kidney, brain, adipose tissue, testis, heart and lung. From these results and from the results obtained by other workers [12-161 we conclude that the same microsomal enzyme does not catalyze both the acylation of DHAP and GP.
